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Description

Backaground Of The Invention

The present invention relates generally to wire har-
ness assembly machines, and more particularly, relates
to a wire transfer and cutting assembly suitable for use
with harness assembly machines which terminate mul-
tiple harness wires to opposing connector elements at
two different termination positions within the assembly
machine.

Wire harnesses and cable assemblies are used in
numerous electronic products, such as consumer elec-
tronic products like televisions, computers and stereo
components. Wire harnesses are also used in many
larger applications, such as automobiles and may be fur-
ther used in many industrial control applications. Wire
harness manufacturers are constantly searching out
ways to reduce the cost of manufacture of the harnesses,
as well as to reliably increase the production thereof.
Wire harnesses may take a variety of forms, the most
common form having a series of parallel wires extending
between and terminated to two electrical connector ele-
ments.

The connector elements of wire harnesses are typ-
ically formed from an insulative material with one or more
wire-receiving cavities formed therein. The cavities con-
tain electrical terminals corresponding in number to the
wire-receiving cavities. In one type of connector element,
the terminals pierce the electrical insulation surrounding
the conductor portions of the wires to establish an elec-
trical connection therebetween. The terminals may be
located in a first connector element component while the
wire-receiving cavities may be located in a second con-
nector element component which engages the first con-
nector element to form a connector element terminated
to one end of a series of wires. A second connector ele-
ment is likewise terminated to the opposite ends of the
wires.

There are many different types of fully automated
machines for terminating harnesses. One type manufac-
tured by the assignee of the present invention has one
termination station at which both ends of a harness are
terminated. In operation, a first connector element is ter-
minated to first free ends of a plurality of wires. The ter-
minated connector element is moved along the axis of
the wires and the wire fed to a desired length. The wire
is then clamped and cut to create second free ends of
the wires which are terminated to a second connector
element at the termination station. This process is
sequentially repeated for each wire harness.

In order to accelerate production, it is desirable that
while the second connector elements are terminated to
the second free ends, the first connector elements of a
subsequent wire harness are terminated to its associ-
ated first wire free ends. In order to effect this simultane-
ous and offset termination, it becomes desirable to have
two termination stations. This arrangement poses a
problem of managing unterminated wires, especially in
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the termination of either wire harnesses having large
numbers of wires or in the simultaneous termination of
multiple harnesses having many wires in total. It is desir-
able to maintain the order of multiple harness wires as
they are transferred between termination locations in a
harness-making machine such that the wires are termi-
nated to the second connector elements in their desired
order. Itis also desirable to protect the second set of wire
free ends as they are transferred from the first termina-
tion station to a second termination station to ensure that
the free ends are readily terminatable at the second ter-
mination station. Therefore, a need exists for a transfer
mechanism utilizable in the termination of multiple wires
which protects the unterminated wire ends as they are
transferred from one termination location to another ter-
mination location.

Accordingly, it is an object of the present invention
to provide an improved assembly which transfers multi-
ple wires of wire harnesses during the fabrication thereof
while maintaining the position of the wires in place within
the harnesses.

ltis another object of the present invention to provide
amethod for transferring wire harnesses during their fab-
rication in which connector elements are terminated to
opposite ends of multiple harness wires along a common
line of action, wherein the harness wires are gripped
after being terminated to first connector elements at a
first termination station at one end thereof of the wires,
transferred from the first termination location to a second
termination location, maintaining the order of the wires
during the transfer movement, protecting the wires dur-
ing the transfer movement and gripping the wires while
the opposite ends thereof are terminated to second con-
nector elements at the second termination location.

ltis yet another object of the present invention to pro-
vide a wire positioning and transferring assembly for use
in a wire harness-making apparatus wherein first and
second work elements are applied to opposing ends of
a series of wires, wherein the positioning assembly
retains the harness wires in a termination position within
a clamping head as the positioning assembly moves
between first and second work locations, the clamping
head including means for holding the wires in alignment
with a series of second work elements, the clamping
head having a collapsible wire guide means mounted
thereon which protects the ends of the wires during
transfer between the first and second work locations and
which guide the wire ends as work elements are applied
thereto.

It is yet a further object of the present invention to
provide a transfer mechanism for transferring a plurality
of wires between two wire termination locations in which
first and second connector elements are applied to first
and second opposite ends of the wires, the transfer
mechanism, the shuttle mechanism including two oppos-
ing wire griping members, each of the two opposing wire-
gripping members being reciprocatable along two differ-
ent axes which lie along a common line of action between
the two termination locations, each wire-gripping mem-
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ber each having a wire-engaging surface thereon defin-
ing a wire pathway therebetween, the ftransfer
mechanism further including a collapsible wire locator
which maintains loose ends of the harness wires in a
preselected order as they are transferred between first
and second termination locations, the wire locator main-
taining the wire loose ends in alignment with a second
termination means, such that when a series of wire con-
nector elements are moved toward the transfer mecha-
nism the wire locator is displaced toward the transfer
mechanism to expose the wire loose ends for termina-
tion.

Summary of the Invention

In accordance with these and other objects, the
present invention provides a new and improved wire
transfer assembly for use in a wire harness-making
machine in which the wire transfer assembly receives a
feed of wires therethrough and grips the wires to main-
tainthemin a preselected position as the transfer assem-
bly moves the wires to a second work location without
altering the order of the wires and selectively exposes
the wires into position for termination into second con-
nector elements.

In one principal aspect, the present invention
includes a clamping head mounted for reciprocating
movement along a wire transfer path extending between
the two work locations of the harness-making machine
at which termination of opposing first and second con-
nector elements occurs to corresponding opposing free
ends of the harness wires. The clamping head includes
a pair of opposing wire engagement surfaces which
reciprocate as a unit along the wire transfer path. These
two opposing wire engagement surfaces define a pas-
sage through which the harness wires pass as they are
fed past their first termination location prior to the cutting
thereof. The clamping head further has means defining
an extension of this narrow passage which maintains the
wires in their original order and protects them during the
transfer of the wires to the second work station.

In another principal aspect of the present invention
and in accordance with the preferred embodiment, the
clamping head includes a collapsible wire locator mech-
anism which extends from the clamping head toward the
second termination station of the harness-making
machine. This mechanism includes a locator bar and a
support bar, the locator bar having a plurality of grooves
formed which are aligned with the wires held by the trans-
fer assembly clamping head and which further corre-
spond to a plurality of wire-receiving openings formed in
an array of second connector elements. The support bar
provides a support surface for the wires held in the trans-
fer assembly and defines the bottom surfaces of the loca-
tor bar grooves. Both the locator and support bars are
spring-loaded within the clamping head and extend out-
wardly over the free ends held by the clamping head. The
wires extend within the locator bar slots and supported
in the slots by the support bar to thereby protect the wire
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free ends during their transfer between the first and sec-
ond work locations of the harness-making machine. The
locator and support bars are disposed generally perpen-
dicular to the axes of the wires to support and guide the
wires into engagement with connector elements for ter-
mination.

In still another feature of the present invention, the
locator and support bars are spring biased in their
mounting upon the clamping head so that they collapse
upon the clamping head when the support bar is con-
tacted by a connector element carrier.

These and other objects, features and advantages
of the present invention will be apparent through a read-
ing of the following detailed description, taken in conjunc-
tion with accompanying drawings, wherein like reference
numerals refer to like parts.

Brief Description Of The Drawings

In the course of the description, reference will be
made to the attached drawings in which:

FIG. 1 is a front elevational view of a wire transfer
assembly constructed in accordance with the prin-
ciples of the present invention as mounted upon the
frame of a wire harness-making machine in front of
a first termination station of the machine;

FIG. 2 is a side elevational view of the wire transfer
assembly of FIG. 1 taken along lines 2-2 thereof;
FIG. 3Ais a perspective view taken from the side of
the wire harness-making machine illustrating the
clamping head portion of the transfer assembly;
FIG. 3B is a perspective view of the harness-making
machine illustrating the second connector element
feed assembly and second connector termination
carrier;

FIG. 4Ais an elevational view of the wire locator and
support bars of the wire transfer assembly of FIG. 1
illustrating their engagement with each other;

FIG. 4B is a sectional view of FIG. 4A taken along
lines A-A thereof;

FIG. 4C is a perspective view of the wire locator and
support bars of FIG. 4A;

FIG. 5is a sectional view of a clamping head assem-
bly used in the wire cutting and positioning appara-
tus of FIG. 1 shown in an initial clamping position
after the harness wires have been cut to define the
harness wire free ends and prior to transfer to a sec-
ond work location within the harness-making
machine;

FIG. 6 is a sectional view of the clamping head
assembly shown in FIG. 5, after it has moved to the
second work location within the wire-harness-mak-
ing machine illustrating the wire free ends exposed
for termination to second connector elements;
FIGS. 7A-H are plan views of a wire harness assem-
bly machine in which the present invention is espe-
cially useful, illustrating the sequence of operation
for termination of a wire harness in which FIG. 7A
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illustrates the step of loading an array first connector
elements into the first connector termination carrier;

FIG. 7B is a view illustrating the step of shuttling the
array of first connector elements into place withinthe
first work station where wires are driven into the first
connector elements and terminated thereto;

FIG. 7C is a view illustrating the step of urging the
shuttled array of connectors into the first work station
into contact with a series of harness wires and ter-
minating the wires to the an array of first connector
elements;

FIG. 7D is a view illustrating the step of shuttling the
array of terminated first connector elements away
fromthefirstwork station in order to define the length
of the wires in the wire harness;

FIG. 7E is a view illustrating the step of clamping the
harness wires in place within the transfer assembly
and cutting the wires to define a set of wire free ends;
FIG. 7F is a view illustrating the step of shuttling a
successive array of first connector elements to the
first work station while transporting an array of sec-
ond connector elements to the second work station;
FIG. 7G is a view illustrating the step of bringing the
array of second connector elements into contact
with the transfer assembly and terminating the sec-
ond connector elements to the wire free ends while
terminating the first connector elements to a succes-
sive set of harness wires;

FIG. 7H is a view illustrating the step of drawing the
termination carrier containing the terminated suc-
cessive array of connector elements back to the con-
nector element supply track;

FIG. 8 is a front elevational view of the first termina-
tion station of the wire harness assembly machine
of FIGS. 7A-7H; and

FIG. 9 is a partial sectional view of the first termina-
tion station of FIG. 8 taken generally along line 9-9.

Detailed Description Of The Preferred Embodiments

Referring to FIG. 1, a wire transfer assembly, gener-
ally indicated at 100, is illustrated in place upon a wire
harness-making machine 10 which makes wire har-
nesses of the type in which a series of wires extend
between two opposing connector elements or sets of
connector elements. The operation of the harness-mak-
ing machine 10 shall be described first in order to define
the general operational environmentin which the transfer
assembly 100 operates.

FIGS. 7A-H illustrate the wire harness-making
machine 10 and the sequence for producing wire har-
nesses. Generally, such machine first terminates a first
connector element to first ends of a set of wires, estab-
lishes the length of the wires for the harness and cuts
the wires to provide wires having a preselected length.
After the harness wires are cut, the wires are transferred
to another location of the harness-making machine in
which a second connector element is applied to the free
ends of the wires and terminated thereto while a subse-
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quent first connector element is terminated to the next
set of wires. This process is repeated until a predeter-
mined number of harnesses are manufactured.

The connector elements 12 which are terminated to
opposing wire ends in the machine 10 shown typically
have a two-piece or two-component construction. The
two components may include interengaging base and
head components 60 and 62 (FIGS. 5 and 6), in which
one of the two components, typically the base compo-
nent 60, has a plurality of wire-receiving openings 64
which lead to an internal cavity 66. The base component
acts as the female portion of the two connector elements
because its internal cavity accommodates not only the
free ends of the harness wires inserted into the wire-
receiving openings, but also a projecting portion of the
head component.

The head component 62 typically contains one or
more electrical terminals extending along its projecting
portion which are aligned with the wires accommodated
in the base component internal cavity. The two connector
components are partially engaged with each other and
are loaded into the harness making machine 10, prefer-
ably in the form of supply belts of interconnected con-
nector elements, wherein wires are introduced thereinto
and the base and head components are pressed
together to interlock them together so that the terminals
ofthe head component engage the wires held in the base
component.

It should be noted that the harness-making machine
10 is of the type that can simultaneously terminate a pre-
determined number of wires to an identical number of
terminals. For example, such a machine may be capable
of terminating one connector having sixteen terminals,
two connectors having eight terminals, four connectors
having four terminals, etc. without affecting the present
invention.

Returning to FIG. 7A, a preselected number of con-
nector elements 12 are advanced along a first connector
element supply track 16 until a preselected number of
them constituting an array 14, enter a connector element
termination carrier 18 (FIG. 7A). The carrier 18 is aligned
with and disposed across from a first work station 20,
which includes a wire locator 22, a first termination
assembly 24 and a cutting mechanism 26. The carrier
18 is slidably mounted on a rail 28 and driven in a recip-
rocating movement by a servomotor 30.

After the carrier 18 has received the array 14 of first
connector elements 12, the carrier 18 is shuttled (FIG.
7B) to the first work station 20, where a plurality of har-
ness wires 32 are driven by individual wire feed servo
motors 33 through a wire guide mechanism 22, prefera-
bly having a plurality of longitudinal channels (not shown)
which guide the harness wires 32 in a preselected order
to the first work station 20 and to the array of first con-
nector elements held in the carriage 18. Throughout the
course of this detailed description, the term "first" shall
refer to the connector elements and wires which are pro-
vided at the first work station 20, which are advanced
along the transfer track 16 shown at the right of the har-
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ness-making machine 10 illustrated in FIGS. 7A-G and
the wire free ends which are terminated to these connec-
tor elements.

As the carriage 18 holding the first connector ele-
ments engages the first work station 20, the free ends of
the harness wires advance into wire-receiving openings
of the first connector element array 14. After the harness
wire free ends enter the connector element openings, the
wires are terminated by pressing the head and base
components together until they interlock together. (FIG.
7C.) The terminated first connector element array 14 is
then shuttled back to the connector element transfer
track 16 and the harness wires 32 are fed from their
respective feed supplies past the transfer assembly 100
to thereby define the final length of the wires in the har-
ness(es) (FIG. 7D).

As shown generally in FIG. 7E, the wires of the har-
ness are then clamped within the transfer assembly 100
and the wires are cut by the cutting mechanism 26 to
define a series of wire second free ends held in place by
the transfer assembly 100 in the same prearranged order
as they entered the transfer assembly 100 from the wire
guide mechanism 22 of the first work station 20. The
transfer assembly 100 subsequently laterally transfers
the clamped wires from the first work station 22 to a sec-
ond work station 34 (FIG. 7F) and maintains the align-
ment of the wire second free ends in the original order
and prepared to receive a plurality of second connector
elements thereupon. A successive first connector array
14 is then loaded into the connector element carriage 18
and shuttled from the supply track 16 to the first work
station 20 for termination as described above.

A second connector element array 38 is thereupon
loaded into a second carriage 42 which is aligned with
the second work station 34 and subsequently brought
into contact with the transfer assembly 100. This contact
exposes the second free ends of the wires held by the
transfer assembly 100 and the wire-receiving openings
of the second connector element array receive the free
ends. The second connector element components are
then pressed together to interlock them and terminate
the wire free ends to the terminals therein. Once the sec-
ond connector elements are terminated to the harness
wires, the completed wire harnesses are then trans-
ported along a production path P (FIG. 7F) with first con-
nector elements sliding along the first supply track 16
and the opposing, second connector elements sliding
along the second supply track 16'.

In operation, the first and second work stations are
intended to operate simultaneously to terminate the first
connector of one harness and the second connector of
a prior harness. Accordingly, the termination sequence
shown in FIGS. 7A-7E normally occurs with additional
harnesses positioned laterally downstream of the first
harness. For example, a comparison between FIGS. 7B
and 7F reveals the operations to be identical except that
a second or prior harness is located downstream in FIG.
7F. As such, a connector of both harnesses will be ter-
minated during the step shown in FIG. 7G - the first con-
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nector of the second harness 72' and the second
connector of the first harness 72.

Returning to FIG. 1, the transfer assembly 100 is
mounted upon selected frame components 50 of the har-
ness-making machine 10, in front of a first work station
20, shown in phantom. The transfer frame 50 includes a
plurality of guide rails 102, 103 which extend between
the frame components 50 and provide a path T along
which the assembly 100 reciprocates in its operation
between the first work station 20 where the array 14 of
first connector elements are terminated (FIG. 7G) and a
second work station 34 where an array of second con-
nector elements is terminated to the opposite ends of the
harness wires 32. The press rams 20’ and 34’ of the first
and second work stations 20 and 34, respectively, are
shown in phantom.

The transfer assembly 100 is shown as having two
components: an upper component 106 and a lower com-
ponent 108, each of which is mounted upon the guide
rails 102, 103. The two transfer components 106, 108
each include a respective carriage, or chassis, 110, 112
formed between opposing structural plates 114, 116
interconnected by transverse stiffener plates 118, 120.
These two transfer carriages 106, 108 are preferably
pneumatically-operated in their movement between the
first and second work stations 20, 34 utilizing a suitable
arrangement of air supply hoses 55 (FIGS. 3A, 3B), pis-
tons and the like. Shock absorbers 122, 124 are mounted
on either the machine frame or the carriages to provide
a cushioning, or regulated stopping force to the upper
and lower transfer assembly carriages 110, 112. These
shock absorbers 122, 124 engage stop members formed
either by a surface of the structural plates 114 or by a
separate member applied to the frame 50 of the harness-
making machine 10. The shock absorbers or their asso-
ciated stops may be interconnected by conventional
means to a control system which controls the transfer
assembly 100 in order to monitor the position of the
transfer assembly components during operation.

The transfer assembly 100 includes a wire clamping
mechanism 130 (FIGS. 1, 2) in the form of a clamping
head having opposing clamping members 132, 133
which are slidably mounted on respective vertical guide
posts 134, 135 of each transfer carriage 110, 112
through the use of pneumatic cylinders 131. The two
opposing clamping members 132, 133 are best illus-
trated in FIGS. 3A, 5 & 6. Each of the clamping members
132, 133 includes respective base portions 136, 137
which in turn include respective top and bottom clamping
plates 138, 139 made of rubber or some other compliant
material. The bottom clamping plate 139 preferably is
formed with a longitudinal groove 140 which receives the
bottom portions of harness wires 32 held within the trans-
fer assembly 100. Similarly, the top clamping member
base portion includes an opposing clamping plate 138
having a longitudinal protuberance 141 extending there-
from and disposed therein in general alignment with the
bottom clamping plate groove 140. When the clamping
members 132, 133 are brought together vertically along
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the guide posts 134, 135, the harness wires 32 are held
in place between the opposing groove and protuberance.

Importantly, the clamping head includes means for
accurately positioning and gripping the harness wires 32
therein comprising a wire locator 142 and a correspond-
ing wire support 143 (FIGS. 4A-4C). Each of said locator
and support includes elongated bars 142, 143 that are
collapsible upon their respective clamping members
132, 133 in a direction generally parallel to the axes of
the harness wires 32 and generally perpendicular to the
longitudinal axes of the two clamping plates 138, 139.
The wire locator 142 includes an elongated grooved bar
having a plurality of slots, or grooves 145, formed therein
along a lower surface thereof. The wire locator bar 142
is mounted upon a pair of slider rods 146 (FIGS. 5, 6)
which are received within corresponding bores, or
recesses 147 of the top clamping member 132 and pref-
erably abut compression springs 148 to provide the wire
locator 142 with its collapsible action as explained in
greater detail below. In addition, pneumatic cylinder 180
is provided to retract and extend wire locator bar 142.

Similarly, the bottom clamping member 133 includes
a collapsible wire support 143 in the form of an elongated
bar 150 (FIGS. 4A, 4B), which is also supported by a pair
of slider rods 151 (FIGS. 5, 6). The support bar slider
rods 151 are also received in corresponding bores 152
and also abut compression springs 153 disposed
therein. The support bar 143 supports the harness wires
at the free end portions thereof by providing a support
surface 154 for the harness wires 32. As with wire locator
142, support bar 143 also has a pneumatic cylinder 182
for retracting and extending the bar as described below.

The ends 155 of the support bar 143 preferably
engage the wire locator bar 142 at two recesses, or steps
156 (FIGS. 4B, 4C), formed therein at its opposite ends
in a manner such that when the support bar 143 is con-
tacted by the second carriage 42, it forces both the sup-
port bar 143 as well as locator bar 142 to collapse onto
the clamping members 132, 133. After termination of the
second connector element array at second termination
station 34, the second carriage 42 is moved away from
the transfer assembly 100. This permits springs 148, 153
to reset wire locator 142 and support bar 143 to their ini-
tial transfer positions.

As shown in FIG. 9, a stationary wire shifting and
guiding mechanism 230 is located at the first termination
station 20. Such stationary wire guiding mechanism
includes slidable wire locator 242 and slidable wire sup-
port 243. Locator 242 and support 243 operate substan-
tially identically to wire locator 142 and wire support 143
except they are contacted by the first carriage 18 and
they guide the first free ends of the wires that will be ter-
minated to the first array of connector elements 14 rather
than the second free ends and the second array of con-
nector elements 38. However, unlike the wire locator 142
and wire support 143 that are connected to pneumatic
cylinders 180, 182 to cause them to extend and retract,
the locator 242 and support 243 cannot be automatically
retracted. Instead, after the first carriage 18 contacts
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support 243 and forces both locator 242 and support 243
towards frame members of the wire shifting mechanism
230, a pneumatic cylinder 270 is actuated to force a pin
272 upwards into a recess to prevent locator 242 and
support 243 from springing back once first carriage 18
moves towards its "home" position in line with first trans-
fer track 16.

The first termination station 20 also includes a
mechanism 26 for cutting the wires 32. This mechanism
has a lower wire cutting blade 250 that is mounted on
block 252. The block and lower blade are vertically mov-
able through the activation of pneumatic cylinder 254. An
upper wire cutting blade 256 is part of a horizontally sli-
dable assembly 258 that is mounted on first termination
ram mounting base 260. Such horizontally slidable
assembly is driven by a pneumatic cylinder 262 to move
the upper cutting blade 256 in and out of alignment with
the proper cutting location. This slidable assembly hori-
zontally slides within first termination ram mounting base
260 which engages and is driven by a press ram in the
form of a pneumatic cylinder 20'. The first termination
ram 264 is also mounted on the first termination ram
mounting base 260. Upon positioning upper wire cutting
blade 256 in its proper position, wires 32 may be cut by
actuating first press ram 20" and cylinder 254 which
causes the upper and lower blades to advance towards
each other until the wires are cut.

During termination of the first harness of a set of har-
nesses to be terminated, a series of harness wires 32
are advanced through the wire guide mechanism 22 and
into wire shifting and guiding member 230 (FIG. 9) and
cut to their proper lengths. The first termination carrier
18 is then brought into contact with the wire support 243
to force it and wire locator 242 against the clamping
members 232, 233. Cylinder 270 is actuated to force pin
272 upward in order to retain wire locator 242 and wire
support 243 in their retracted positions. The upper wire
cutting blade is positioned as shown in FIG. 9 and press
ram 20' is actuated to urge wires 32 into contact with the
terminals of the first array 14 of connector elements to
form a partial wire harness assembly 72.

The terminated first connector element array 14 is
then returned back to the connector element supply track
16 when thefirst termination carrier 20 reciprocates back
along its guide rail 28 (FIG. 7D). Wires 32 are then fed
to a predetermined length to define the final length of the
wire harnesses. In addition, transfer assembly 100 is
moved from a position aligned with the second work sta-
tion 34 to a position aligned with first work station 20. As
such, the wires 32 pass through the intervening passage
defined between the two opposing clamping members
132, 133 of clamping mechanism 130 when they are in
their initial, spaced apart, non-clamping position. The
wires also pass through the wire shifting and guiding
mechanism 230.

After the wires have been fed to the desired lengths,
the pneumatic cylinders 131 of each of the clamping
members are actuated to clamp the wires in place. The
upper wire cutting blade 256 is then moved horizontally
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to its position directly above lower blade 250. The pneu-
matic cylinders connected to wire locator 142 and wire
support 143 are actuated in order to retract the locator
and support from the cutting plane along which the upper
and lower cutting blades will move. The first press ram
20" and pneumatic cylinder 262 are then actuated to
cause the cutting blades to move towards each other to
cut the wires to define a second series of free, or loose,
wire ends 75 (FIG. 5) which will eventually engage the
array 38 of second connector elements and a new first
series of free wire ends that will subsequently be termi-
nated to a new array of first connector elements which
will start a new harness. As such, the second free ends
are retained between wire clamping members 132, 133
of transfer assembly 100 while the new first free ends are
maintained in position by servo motors 33, wire locator
242 and wire support 243.

The transfer assembly, with the second wire ends
gripped therein, is then shifted from its alignment with
the first work station 20 to alignment with the second
work station 34. This shifting movement occurs simulta-
neously with the previously terminated array of first con-
nector elements 14 being laterally transferred along
transfer track 16 through the use of a transfer beam,
which is known in the art. Pneumatic cylinders 131 oper-
atively connected to wire locator 142 and wire support
143 are then extended to permit the wire locators and
supports to return to their extended positions. Pneumatic
cylinder 270 is retracted to permit wire locator 242 and
wire support 243 of the first termination station to spring
back to their extended positions. At such extended posi-
tions, the tips of the wires extend to the edges of the wire
locators and wire supports to ensure the proper location
of the wire tips.

The first transfer carriage 18, having a new array of
first connector elements therein, is then moved towards
thefirst work station 20 until the transfer carriage 18 con-
tacts wire support bar 243 and laterally moves wire loca-
tor 242 and support bar 243 to their retracted positions
atwhich point the first free ends of the wires have entered
wire receiving apertures in the connector elements. As
set forth above, cylinder 270 is actuated to retain the
locator 242 and support 243 in their proper position for
the next cutting cycle. Substantially simultaneously, an
array 38 of second connector elements is moved into
position within a second connector element supply track
76 and thereupon advanced into a second termination
transfer carriage 42, which is moved towards the clamp-
ing mechanism 130 of the transfer assembly 100. The
second transfer carriage 42 contacts the wire support
bar 143 and laterally moves the support bar and locator
bar to expose the second free ends of the wires and per-
mit them to enter wire receiving apertures in the second
array of connector elements. The slots 145 of the wire
locator bars 142, 242 maintain the wires in their prear-
ranged order and spacing throughout transfer of the har-
ness wires 32 and termination of the free ends of the
wires. Both press rams 20 and 34’ are then substantially
simultaneously activated to force the connector halves
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together in order to terminate the connector elements to
the wires. The process set forth above beginning with
the return of the terminated first connector element array
14 and first termination carrier 20 to supply track 16
begins again and continues until the desired number of
harnesses have been terminated.

It can be seen that the present invention will
enhance automated production of wire harnesses in that
it provides a reliable termination transfer assembly which
transfers unterminated wires from a first termination to a
second termination station while protecting the free ends
of the harness wires from any non-intended contact as
well as maintaining them in their original feed order. This
protection permits an increase in the production speed
of a harness-making machine and effectively removes
the transfer process as a production limiting step in the
overall fabrication process.

It will be appreciated that the embodiments of the
present invention which have been discussed are merely
illustrative of some of the applications of this invention
and that numerous modifications may be made by those
skilled in the art without departing from the true spirit and
scope of this invention.

Claims

1. In a wire harness assembly apparatus (10) which
produces wire harnesses of the type having a plu-
rality of wires (32) extending longitudinally between
opposing first and second connector elements (12)
and in which the wires (32) are driven from a wire
supply source to a first work location (20) for inser-
tion into the first connector element (12) to form a
partial wire harness assembly which is subse-
quently transferred to a second work location (34)
wherein free ends of the wires (32) are inserted into
a second connector element (12), the improvement
comprising, in combination:
first means (22) disposed at said first work location
(20) for maintaining first ends of said wires (32) in a
preselected orientation opposing said first connec-
tor elements;
means (18) for urging said first connector element
(12) into engagement with said wire first ends;
means (18) for moving said engaged first connector
element (12) away from said first wire orientation
maintaining means (22) in order to define prese-
lected lengths of said wires (32) extending from said
first connector element, said wires having second
ends opposing said first connector element;
means (100) for transferring said wire second ends
to the second work location (34) without altering said
preselected orientation thereof, said transferring
means (100) including second means for maintain-
ing said wires in said preselected orientation; and,
means for urging said second connector element
into engagement with said wire second ends.
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The wire harness assembly apparatus of claim 1,
wherein said wire transfer means includes means
(130) for applying a clamping force to said wires (32)
to hold said wires during transfer of same from said
first work location (20) to said second work location
(34).

The wire harness assembly apparatus of claim 2,
wherein said clamping means (130) includes two
opposing clamping members (132, 133) which are
vertically moveable within said transfer assembly,
each of said clamping members (132, 133) including
a wire protection member extending outwardly
therefrom, one of said wire protection members
including a support bar (143) having an elongated
wire support surface thereon which supports bottom
portions of said wires (32) and the other of said wire
protection members including an elongated wire
guide bar (142) having a plurality of grooves formed
therein along a surface which opposes said wire
support bar wire support surface, said wire guide bar
(142) being spaced apart from said wire support bar
(143) to define a plurality of wire-receiving openings
(145) therein which receives said wires (32) therein
in said preselected orientation and which partially
enclose said wire second ends during transfer of
said wires from said first work location (20) to said
second work location (34).

The wire harness assembly apparatus of claim 1,
wherein said second wire orientation maintaining
means (230) includes two opposing wire clamping
members (242, 243), one of said two clamping mem-
bers including means for guiding said wires in said
preselected orientation during transfer of said wires
(32) to said second work location (34), said wire
guiding means including a grooved bar (242), the
wire guiding means extending longitudinally out-
wardly from said one clamping member in alignment
with longitudinal axes of said wires (32), such that
said wires are received within corresponding
grooves of said grooved bar (242), said wire guiding
means further being collapsible upon said one
clamping member (242) upon application of an
external force thereto, whereby said wire guiding
means collapses, and exposes said wire second
ends for further processing.

The wire harness assembly apparatus of claim 4,
wherein the other of said two clamping members
(243) includes means for supporting said wires (32)
in said preselected orientation during transfer, said
wire support means including an elongated support
surface disposed transverse to said wires and gen-
erally aligned with said wire guiding means, said
wire support means also being collapsible upon said
other clamping member and further engaging said
wire guiding means such that collapsing movement
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of said wire guiding means induces a like collapsing
movement of said support bar.

The wire harness assembly apparatus of claim 1,
wherein said second wire maintaining means (230)
including a clamping head assembly having upper
and lower opposing clamping members (242, 243)
supported on vertical guide posts and vertically
moveable upon said guide posts, said upper clamp-
ing member including a wire locator bar (242) mov-
ably mounted thereon having a plurality of wire-
receiving channels disposed therein, the wire loca-
tor bar being selectively actuatable betweenfirst and
second positions upon application of external pres-
sure thereto, each of said channels being aligned
with and receiving a wire (32) therein when said wire
locator bar (242) is in said first position, and each of
said wires (32) being exposed from said channels
when said wire locator bar (242) is in said second
position, said wire locator bar moving longitudinally
along said wires between said first and second posi-
tions.

The wire harness assembly apparatus of claim 6,
further including a support bar (243) extending from
said lower clamping member and aligned with said
wire locator bar channels, said support bar (243)
having a wire support surface extending therealong
which supports said wires (32) as said wire locator
bar moves in unison with said wire locator.

Wire transferring apparatus for transferring a series
of wires (32) and unterminated end portions of the
wires from afirst work location (20) to a second work
location (34) wherein said wire end portions are ter-
minated to at least one electrical connector element
(12), the transferring apparatus comprising:

a transfer frame;

supportrails extending between the first and second
work locations which support said transfer frame
and which define a transfer path for said transfer
frame between the first and second work locations;
a wire clamp assembly mounted upon said transfer
frame, the wire clamp assembly having upper and
lower opposing wire clamp members, the upper and
lower clamp members having respective upper and
lower wire clamping surfaces, at least one of said
upper and lower clamping surfaces being moveable
toward the other to effect a clamping action upon
wires disposed in an intervening space extending
between said upper and lower wire clamp members,
a wire support bar extending from one of said upper
and lower wire clamp members and selectively
moveable along a first line of action aligned with the
intervening space, a wire guide bar extending from
the other of said upper and lower wire clamp mem-
bers and also selectively moveable along a second
line of action aligned with said intervening space and
generally parallel to said first line of action, said wire
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support and guide bars cooperating to define a
moveable protective enclosure for said wires which
extends in alignment with said intervening space
and which receives said wires and partially encloses
them to substantially protect said wires within said
wire clamp assembly during transfer to said second
work location.

Wire transfer apparatus as defined in claim 8,
wherein said wire support and guide bars are selec-
tively collapsible upon their respective wire clamp
members when external pressure is exerted upon
said wire guide bar.

Wire transfer apparatus as defined in claim 8,
wherein said wire guide bar includes a plurality of
grooves and said support bar includes an elongated
support surface which opposes said wire guide bar
grooves.

Wire transfer apparatus as defined in claim 10,
wherein said wire guide and support bars respec-
tively are slidable upon said upper and lower clamp-
ing members, each of said wire guide and support
bars including a spring which applies a biasing force
to said wire guide and upport bars to bias them into
an outwardly extending position, said springs com-
pressing when external pressure is exerted against
said wire guide bar.

Wire transfer apparatus as defined in claim 11,
wherein said wire locator bar includes a movement
rod received in a complimentary bore formed in said
other wire clamp member, said bore containing
means for exerting a return force upon said wire
locator rod to return said wire locator rod to an initial
position.

A method of transferring multiple wires (32) from a
firstworklocation (20) to a second work location (34)
while maintaining loose ends of said wires (32) in a
prearranged order, comprising the steps of:
feeding said wires (32) in said prearranged order
into a clamping means at said first work location;
clamping said wires between a clamping means;
partially enclosing loose ends of said clamped wires
with an extension of said clamping means to protect
said loose wire ends, said extension being moveable
along a length of said clamped wire loose ends;
moving said clamping means from said first work
location to said second work location while partially
enclosing said wire loose ends; and,

applying pressure to said clamping means exten-
sion to expose said wire loose ends.
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